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Abstract 

The predominant means of reaching suburban rail stations in the United States is 
'ivate car. Transit villages strive, among other things, to convert larger shares of 
access trips to walk-and-ride, bike-and-ride, and bus-and-ride. Empirical evi- 
on how built environments influence walk-access to rail transit remains sketchy, 
article, analyses are carried out at two resolutions to address this question, 
data from the San Francisco Bay Area reveal compact, mixed-use settings 
imal obstructions are conducive to walk-and-ride rail patronage. A disaggre- 
nalysis of access trips to Washington Metrorail services by residents of 
J County, Maryland, shows that urban design, and particularly sidewalk 
and street dimensions, significantly influence whether someone reaches a 
by foot or not. Elasticities are presented that summarize findings. The article 
fhat conversion of park-and-ride lots to transit-oriented developments holds 
le promise for promoting walk-and-ride transit usage in years to come. 
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Rail Transit 

c h of America, and particularly in the suburbs, the automobile has 
mobility standard for accessing rail transit systems. Consequently, 
enc ircled by a sea of parking have become a common feature of 
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mt of nitrogen oxide (NOx) emissions are due to cold starts (inefficient cold 
igines and catalytic converters during the first few minutes of driving) and 
hot evaporative soaks (Barry and Associates 1991). That is, a sizeable share of 
ilpipe emissions of the two main precursors to the formation of photochemi- 
cal smog occur from turning the automobile engine on and driving a mile and 
turning it off. Drive-alone access trips to rail stations, regardless of how short 
they are, emit levels of pollutants that are not too much below those of the typ- 
ical 10-mile solo commute. Thus, relying on a car to access a metropolitan rail 
f service pretty much negates the air quality benefits of patronizing transit. 

The three core dimensions, or “3 D’s,” of built environments— density, 
[diversity, and design — as defined by Cervero and Kockelman (1997) are 
thought to influence access trips to rail stops, along with parking provisions, 
though to what degree remains unclear since relatively little systematic work 
f has been conducted to date on this question. In general, we know that, as den- 
sities fall and distances to downtowns increase, Americans increasingly rely on 
mechanized means to reach stations. In downtowns, most people reach transit 
stops by foot. Surveys of residents accessing downtown San Francisco stations 
to take BART (Bay Area Rapid Transit) to work reveal that two-thirds arrive 
by foot (Cervero 1995). As one leaves downtown stations and heads outwards, 
the share of walk-on trips falls precipitously, replaced by mechanized access 
trips — park-and-ride, kiss-and-ride (i.e., passenger drop-off), and bus-and-ride. 
At suburban BART stations, like Walnut Creek and Fremont, over 85 percent 
of access trips are by passenger car, and fewer than 5 percent are by foot or 
bicycle travel. Studies in greater Washington, D.C., metropolitan Toronto, and 
the San Francisco Bay Area show that beyond 1 mile of a suburban rail station, 
60 to 80 percent of access trips are by automobile, with the share rising steadi- 
ly as access distance increases (Stringham 1982; JHK and Associates 1987, 
1989; Cervero 1994). 

This article probes the influences of various factors, particularly those 
related to physical land-use patterns and built environments, which explain 
walk-and-ride forms of rail-transit usage. It is postulated that the three core 
dimensions of the built environment — density, diversity, and design — promote 
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For purposes of estimating market shares of access trips by walking for 
each of BART’s original 34 stations, data from on-board surveys of over 
' 35,000 BART passengers compiled in late- 1992 were used (Bay Area Rapid 
jiTransit District 1993). The effects of distance on access modes were plotted 
from these data (using GIS to measure the straight-line distance from the resi- 
dence of each surveyed passenger to the nearest BART station portal). For dis- 
tance intervals within a 3-mile access-shed, Figure 1 shows the dominant 
means of home-end access for commute trips were: walking, 5/8 mile or less; 
transit, 5/8 to 1 mile; and park-and-ride, beyond 1 mile. Clearly, concentrating 
housing near rail stops induces walk-and-ride trips. BART’s 5/8-mile threshold 
for walk trips considerably exceeds the one-quarter mile threshold customari- 
ly used to define walking access to transit but is less than the 4,000-foot “walk- 
ing impact zone” (wherein the majority of rail trips were by walk-ons) that 
Stringham (1982) found for rail stations in Toronto. 
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Figure 1. Distribution of means of access as a function of distance to 
BART station for journeys-to-work: 0- to 3-mile distance, 
derived for all BART stations 
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The principal land-use data used in the analyses that follow were a digi- 
tal inventory of dominant land uses within hectare grid cells (100 x 100 
meters), compiled by the Association of Bay Area Government (ABAG) for 
the entire San Francisco Bay Area. Using GIS, buffers were drawn to estimate 
the composition of land uses within a one-half-mile radius of each of the 34 
stations. Residential and employment densities were estimated for block 
groups and census tracts surrounding each station, based on 1990 census data. 
Transit data, such as parking supplies at BART stations and feeder bus service 
levels in and around stations, were compiled from local transit agencies in the 
Bay Area including BART, AC Transit, and San Francisco Muni. 

The regression models that follow explain walk-and-ride market shares 
mainly in terms of the land-use features (e.g., residential densities) and trans- 
portation provisions (e.g., supply of parking spaces) in and around BART sta- 
tions. Only variables that were reasonably statistically significant and had 
interpretable results were included in the models. An ordinal variable that rated 
stations in terms of sidewalk provisions was a candidate for model entry but 
was statistically insignificant. Efforts were also made to introduce various con- 
trol variables; however, none of these variables was significant enough to enter 
the model either. Median household incomes in the vicinity of stations, for 
instance, had no appreciable effect on whether BART users walked to stations 
once variables like density were controlled. Nor did factors like station func- 
tion (e.g., whether a transfer station) or proximity of a station to freeways. Far 
more important were attributes of built environments — namely, densities and 
mixtures of land uses — as well as supply-side variables related to parking pro- 
visions, transit service levels, and station setting. 

Walk-and-Ride Access 

Table 1 presents a best-fitting regression model that explained 89 percent 
of the variation in walk-access modal splits for BART’s 34 stations. Consistent 
wfah the hypotheses, the table shows that the share of BART access trips by 
foot increased sharply with densities (especially residential densities) and 
mixed-land uses around stations and fell as substitutes to walking (i.e., lots of 
parking and good transit connections) were more plentiful. According to the 
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.057 

.000 
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.314 

.001 

"I 



.532 

.312 

.100 
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35.308 
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1 
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.004 
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presence of a freeway median. The results suggest that BART stations situated 
in freeway medians averaged around 7 percent fewer egress trips by foot, con- 
trolling for densities and other factors. This finding buttresses the argument 
that quality of walking environment matters. Freeway medians often form bar- 
■ — 1 


Table 2 

Regression Model for Predicting Percentage of Egress Hips 
from BART Stations by Walking, All Trip Purposes, 1992 


Variables 

Density 

Employment density: Workers per gross acre within one-half 

| pile of station 

Residential density: Households per gross acre within one-half- 

mile of station 

Land-Use Type and Diversity 

Residential orientation: Percent of land area within one-half mile 
of station in residential use 

Land-use diversity: Normalized entropy index of land-use 
mixture within one-half mile of station 1 

Tran sit Provisions 

Num ber of park-and-ride spaces at station 

Transit service levels: Route miles per 1,000 households within 

one-half mile of station 11 

Station located in freeway median: 0=no, l=yes 

Constant 

Summary Statistics 

Number of cases 

F Statistic (probability 


Estimates: 

Coefficient Standard Probability 
Error 


28.91 (.000) | 


‘Normalized entropy = { - [ (p.) (In Pi)]}/(ln k), where: p, = proportion of total land area devoted to dominant use 

for land-use category i (where the i categories are residential, commercial, industrial/office, public, and other); and 
k = 5 (number of land-use categories). A 0 value signifies land devoted to a single use and 1 denotes land area 
evenly spread among the five land use categories. 

‘ Route miles of all surface transit modes, including bus transit, streetcar trams, light-rail transit, and cable car 
services, within one-half mile of rail station, excluding BART services. 

' Near-terminal represents stations toward the end of the line that function like terminals because they are closer to 
freeways than the actual terminals and thus tend to serve larger ridership catchments. BART’s near-terminal 
stations, El Cerrito del Norte and Pleasant Hill, have larger supplies of parking than terminal stations since they are 
easier to reach bv freewav. 
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riers to movement in many ways— physically, visually, psychologically, and 
symbolically. The vibrations caused by heavy freeway traffic, and shadows 
cast by elevated structures can also discourage foot travel. 

Synopsis: Elasticities 

While the regression results reveal the statistical significance of factors 
shaping walk-and-ride access, it is difficult to judge the relative importance of 
particular explanatory variables from model outputs. To shed light on the rela- 
tive sensitivity of walk-access to land-use variables and other factors, results 
are best summarized in elasticity form. Table 3 presents midpoint elasticities 
imputed from the regression results, revealing the percentage of change in 
walk-and-ride market shares for every 1 percent increase in the mean value of 
each land-use variable. 1 The table shows that, in general, the relationship 
between built environments and walking-and-riding is fairly inelastic, though 
the influences of land-use variables are generally as strong as other predictors. 
Walk-access and walk-egress market shares were most influenced by concen- 
trated development around stations. This lends credibility to the transit village 
concept for the results clearly reveal that compact residential development 
within a half-mile of a rail stop significantly induces travel to and from sta- 
tions. Also, access and egress modal splits were more sensitive to residential 
densities than to employment densities. Land-use diversity also mattered: high 
mixed-use settings around rail stops encouraged walk-and-ride, ostensibly 
because residents can take care of personal needs, like picking up a few gro- 
ceries after work, when retail shops and other services lie between stations and 
their homes. Loutzenheiser (1997) also showed the presence of retail near sta- 
tions encouraged walk-access trips to BART. In a study of transit usage nation- 
wide using the American Housing Survey, Cervero (1996b) similarly found 
mixed-land uses to be an inducement to transit riding for those living within 
several miles of a rail station. 

• In addition to land-use variables, Table 3 shows factors related to transit 
provisions also appreciably influenced walk-and-ride behavior. Notably, park- 
and-ride supplies were a significant deterrent to walk-access and walk-egress. 
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Table 3 

Mid-point Elasticities of Access and Egress Walk Trips 
as Functions of Land-Use and Other Explanatory Variable s — 

Mid-noint elasticities for 


Explanatory Variables 

Walk Access 

Walk Egress 

pmplnvment density 

.220 

.196 

Residential density 

.269 

.328 

Residential orientation 

.733 

.775 

I and-use diversity 

.119 

.152 

Park-and-ride spaces at station 

-.484 

-.257 


-.474 

-.107 

Terminal or near-terminal station 

.093 

— 

Station in freeway median 

— 

-.029 


The physical characteristics of stations, such as being situated in the 
median of a freeway or at (or near) the end of a line, exerted relatively weak 
influences on whether BART patrons walked-and-rode, once factors like den- 
sity and parking supplies were controlled for. 

Disaggregate Analysis: Walk-and-Ride Access to and Egress from 
Washington Metrorail Stations 

While the analysis of walk-and-ride behavior in the San Francisco Bay 
Area supported the core hypotheses of this research, the findings captured 
: aggregate patterns of travel behavior. Because variables defining attributes of 
surveyed BART riders were sparse, disaggregate analyses could not be con- 
ducted. For this purpose, data were compiled on access trips among residents 
of Montgomery County, Maryland, who patronized the Washington Metrorail 

r system. . , 

Montgomery County, Maryland, a fairly affluent county of 850,000 inhab- 
itants adjacent to the District of Columbia, provides a good setting to explore the 
research hypotheses in greater depth because the county planning department 
maintains fairly rich data on land-use characteristics of its 318 traffic analysis 
zones (TAZs). In particular, far more variables were available from Montgomery 
County to explore the effects of urban design factors on walk access. 
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Among the candidate variables considered for gauging walking quality, the 
ones that proved to be the best predictors included the ratio of sidewalk miles 
to road miles (as an index of sidewalk provisions) and intersection density 
(number of intersections per square mile, an indicator of degree of traffic- 
stream conflict points and street connectivity). 

The logit model was estimated only from records of Montgomery County 
residents who patronized Metrorail at stations where park-and-ride facilities were 
available. This meant park-and-ride as well as bus-and-ride and kiss-and-ride 
were bonafide alternatives for access a Metrorail station. Because the availability 
of park-and-ride was a control introduced in the analysis, the supply of parking 
spaces did not enter as a variable for predicting the probability of walk access. 
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Walk-and-Ride Access 

The best-fitting binomial logit model, shown in Table 4, yielded a pseu- 
do-R-squared (rho) statistic of 0.57, indicating the model does a 57 percent bet- 
ter job than a simple flip of a coin at predicting whether a Montgomery County 
Metrorail patron accessed a station by walking or not. Land-use factors relat- 
ed to the “3 D” core dimensions— proximity (a correlate of density), diversity, 
and design — significantly influenced the odds of a Montgomery County resi- 
dent reaching a station by foot versus a motorized mode. Travel time to a sta- 
tion impeded walking whereas having large shares of housing near a station 
spurred it. As with BART, living near Metrorail was a strong inducement to 
walk-on access. This finding is consistent with research by JHK and Associates 
(1987, 1989) that revealed remarkably high rates of transit commuting among 
apartment and condominium dwellers who resided close to Washington 
Metrorail stations, with transit capturing over a 50 percent market share in the 
case of several apartment projects. 

Similar to the findings of the aggregate analysis, more mixed-use envi- 
ronments also seemed to promote walking access, ostensibly because transit 
riders can chain trip ends by foot in more diverse settings (e.g., walk from a 
station to a nearby shop to one’s residence when returning home from work via 
Metrorail in the evening). Diversity within a much larger 45-minute travel shed 
was likewise positively associated with walking access, suggesting subregion- 
al balance worked in favor of foot travel as well. 
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Summary Statistics 
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Surprisingly, none of the socioeconomic control variables— including the 
person’s age, gender, vehicle availability, and household income — entered the 
model as significant predictors. Evidently, walk-and-ride access, at least in 
Montgomery County, does not discriminate with respect to user demographics. 

Walk-and-Ride Egress 

A binomial logit model, shown in Table 5, was also estimated to predict 
the probability a Montgomery County resident who patronized Metrorail 
walked from the disembarking station to his or her trip destination. While 


Table 5 

Binomial Logit Model 

for Predicting Probability Montgomery County Resident Taking 
Metrorail Walked from Station to Destination, All Trip Purposes, 

1994 Metrorail Accessed Station by Walking, All Trip Purposes, 1994 


Variables 

Estimates 

Coefficient 

Standard 

Error 

Probability 

Nearness and Proximity 


Distance from Metrorail station to destination, highway network 

Jmiles) 

-3.518 

1.28 

.006 

Location 


Washington, D.C. destination: 0 = No, 1 = Yes 

.376 

.354 

.288 

Design 


Ratio of sidewalk miles to road miles, 

TAZ of destination* 

.977 

.766 


Median street width, TAZ of destination (feet) 

-.058 

.032 

| 

Constant 

5.273 

2.989 

1 r WBk 

Summary Statistics 


Number of cases 

177 

-2L(c): Log likelihood function value, 
constant-onlv model 

95.265 

-2L (B): Log likelihood function value, 
parameterized model 

57.006 

Model chi-square (probability): 

-2[L(c)-L(*)l 

38.2591.0000) 

p ! (Nagelkerke) 

.745 


'Ratio of sidewalk miles to road miles — Values assigned to each segment of all public streets in TAZ: 0 * no 
sidewalk; I * sidewalk on one side; 2 * sidewalk on»two sides. 
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Table 6 

Point Elasticity Estimates Imputed from Logit Models: 
Percentage Change in Probability of Walk-and-Ride Travel 
with a 1 -Percent Increase in Explanatory Variable 


Explanatory Variables 

Walk Access 

Walk Egress 

Time to Metrorail Station 

-362 

— 

^Distance from Metrorail Station 

— 

-.506 

Sidewalk Ratio 

.231 

.160 

1' Intersection Density 

.061 

— 

Street Width 

— 

-.382 

Housing Proximity 

.163 


Land-Use Diversity 

.147 

— 

Job Accessibility 

.211 

— 


ticularly at the trip destination. Land-use diversity also worked in favor of walk 
access, though only marginally. In contrast to the aggregate analysis from the 
Bay Area, densities at either trip end exerted no discernible influences on the 
likelihood of walking-and-riding in the disaggregate analyses. 

Toward Walking-Friendly Transit Environments 

Walk-and-ride transit usage is one of the most sustainable forms of urban 
mobility. Giving up a car in favor of walking to a station can improve air qual- 
ity by eliminating cold-start emissions associated with park-and-ride access. 
Converting parking lots to residential and commercial land uses can also help 
leverage transit village development and the environmental and transportation 
benefits associated with it (Calthorpe 1993; Bemick and Cervero 1997). 

Based on a triangulated research design, drawing insights from two dif- 
ferent metropolitan areas at two different grains of analyses, this research 
revealed that built environments exert significant influences on walk-and-ride 
access. Assuming they are within reasonable distance of a station, rail passen- 
gers are more likely to walk to and from a station in compact, mixed-use set- 
tings with ample sidewalk provisions and minimal physical obstructions. 
Concentrated development around stations likely stimulates walk-and-ride in 
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many instances among those who purposefully opt to live within walking dis- 
tance of rail transit for the very purpose of economizing on commuting. 

The fact that these relationships were uncovered in two settings at two dif- 
ferent grains analysis suggests that they are robust. In general, the analyses at 
ot grains were fairly consistent and reinforcing. Whatever differences exist- 
ed between the aggregate and disaggregate analyses could be due to contextu- 
al differences as much as differences in research resolutions. In a study of 
access trips to BART stations, Loutzenheiser (1997) similarly obtained some- 
what different, though overall reinforcing, results depending on the scale of 
analysis. 

All transit trips involve some degree of walking; however, this research 
makes clear that attending to the mobility and design needs of those who exclu- 
sively walk to and from stations is especially important. While many programs 
for enhancing station-area environments tend to focus on residential settings, 
acilitating pedestrian movements once passengers disembark at stations is 
equally important. Often, egress needs are neglected altogether. In the case of 
commuter rail services to Santa Clara County, California, quality of egress has 
deteriorated to the point where patrons are keeping a second car near their des- 
tination station to complete the final leg of their journeys to work. A recent arti- 
cle in the San Jose Mercury News (2000) reports: 

Sthcon Valley is spawning a new type of commuter: a hybrid who 
takes the train to escape the misery of the freeway but makes the final 
leg of the journey to work by car. In a trend that has taken planners 
by surprise, so many riders on the Altamont Commuter Express and 
Capital Corridor trains are keeping second cars in Santa Clara that 
the city is building a new lot for overnight parking. 

The one trend that could go a long way toward promoting walk-and-ride 
transit usage is the conversion and adaptive reuse of park-and-ride lots. With 
time, surface parking lots that envelope rail stations across the United States 
are proving to be a blessing in disguise for they provide large swaths of pre- 
assembled land. Many were originally overbuilt, thanks to generous federal 
funding for rail transit development. As neighborhoods around rail stops have 
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imatured and land values have increased, market pressures are prompting some 
lu S transit agencies to sell offal least portions of them as a means both to cre- 
L. a ridership base and to reap windfalls in the form of value capture. Often 
the profits earned are more than enough to cover the cost of replacement struc- 
tured parking, freeing up land for infill development. Surface parking conver- 
sion, then, is a back-door form of land-banking, a strategy long used in 

Scandinavia to create transit villages (Cervero 1998). 

An important event that has made the retrofitting and adaptive reuse of 
: parking lots possible has been the Federal Transit Administration’s revved po - 
ky on joint development. In the past, transit agencies that sold off parking 
I! private developers had to return most of the proceeds ,0 the U.S. *easu V 
since federal grant monies originally paid for the parking facllttes Bem.ck 
and Freilich 1998). Under the new ruling, transit agencies can retain a income 
as long as the resulting real estate project is transit-supportive in its design and 
tied to a specific plan aimed at station-area redevelopment. While well inten- 
tioned, this is hardly philanthropy on the federal government s part 
I Encouraging infill, station-area development is in the direct financial unteres 
of the U.S. Department ofTransportation since the addition of new riders wi 
; help reduce operating deficits, thus lessening the demand for federal transi 
f operating subsidies. . 

One of the first places to take advantage of the new federal ruling on join 
development is San Jose, California. The City and the Santa Clara Valley 
Transportation Authority (SCVTA) have joined forces in designing a mid-nse 
mixed-use project on the park-and-ride lot at the Ohlone-Chynoweth light rail 
station (Figure 2). Historically, Santa Clara County’s light-ra.1 system has 
struggled to build a ridership base in large part because much of its service ter- 
ritory consists of a landscape of sprawling office campuses (including the 
Silicon Valley) and car-oriented shopping plazas. However, as the demand or 
affordable housing with good access to the Silicon Valley has intensified, local 
policy-makers have come to the realization that parking-lot infilling was too 
good an opportunity to pass up. At the time of project development only 30 
percent of the 1,140 original parking spaces at the Ohlone-Chynoweth station 
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Midpoint elasticities are measured at the mean values of both the dependent and 
lependent variable, using mean values for all other “control” variables in the 
uation as well. 

e following mean values were used in calculating binomial probabilities: travel time 
9; travel distance = 1; land-use diversity (based on comparative population and 
employment ratios) = 0.34; sidewalk ratio at residential end = 0.835; sidewalk ratio at 
ation end = 0.958; intersection density =157; median street width = 35; propor- 
tion of housing within a half-mile of a rail station = 0.076; and job access index = 1500. 
For the computation of walk egress elasticities, the dummy variable for a Washington, 

I KD.C. location was set at the modal (most frequently occurring) value of 0. 
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